Purpose: Triple negative breast cancer is more aggressive than other breast cancer subtypes and accounts for up to 20% of all breast cancers. Despite the poorer prognosis, there are no approved targeted treatments available and chemotherapy remains the only choice. We examined treatment patterns and outcomes among elderly metastatic triple-negative breast cancer (mTNBC) patients in routine clinical practice. Methods: Patients were identified from the linked SEER-Medicare database between 1/1/2001 and 12/31/2013 and included de novo Stage IV (n = 776) and patients with distant metastasis followed an initial diagnosis of Stage I -III disease (n = 1851). Kaplan-Meier analyses and time-varying Cox proportional hazards regression were used to assess overall survival (OS). Results: The mean age at metastatic diagnosis was 77.6 years and 1259 (48%) patients received chemotherapy. Compared to <70 year olds, ≥70 year olds had worse performance status, higher comorbidity burden, and were less likely to receive chemotherapy (45% vs. 66%). Patients treated with chemotherapy had increased OS compared to untreated patients, and the survival advantage was more pronounced in the <70 year olds with a 6-month longer unadjusted OS compared to the ≥70 cohort (log rank p < 0.0001). This finding was supported in the adjusted multivariate model which showed a 46% increased risk of death for untreated patients in the <70 year olds and a 17% increased risk of death for untreated patients in the ≥70 year olds (vs. treated). Conclusions: In this real-world analysis, 48% of elderly mTNBC patients did not receive chemotherapy and a greater proportion were How to cite this paper: Satram-Hoang, S., Bajaj, P., Stein, A., Cortazar, P., Momin, F. 118 Journal of Cancer Therapy untreated in the ≥70 year old cohort (55%). Although the survival benefits of chemotherapy were greater in the younger cohort, the benefits of treatment persisted in ≥70 year olds. These findings suggest opportunities exist to improve the clinical treatment of elderly mTNBC patients.
Introduction
Breast cancer is the most common type of cancers affecting women in the United States, accounting for approximately 252,710 new cases in 2017 [1] . The risk increases with age, and about one-third of female breast cancers are diagnosed in patients older than 70 years of age [2] . Approximately 6% of women will present with metastatic disease at diagnosis (de novo Stage IV disease) and roughly 30% of women diagnosed with early stage disease will experience a distant recurrence [3] . The majority of deaths from breast cancer result from recurrent or metastatic disease. In 2017, there will be an estimated 40,610 deaths, making breast cancer the second leading cause of deaths from cancers among women [1] .
The triple-negative breast cancer (TNBC) subtype accounts for 12% -17% of all breast cancers and is characterized by the lack of expression of estrogen receptor (ER), progesterone receptor (PR) and human epidermal growth factor receptor 2 (HER2) [4] . Although less than 6% of breast cancers are associated with breast cancer gene (BRCA) mutations, around 20% of TNBC patients have a BRCA mutation [5] . TNBC is typically diagnosed at an earlier age, is more prevalent among Hispanic and African women, and is more aggressive with a high risk of metastasis and deaths within 5 years after diagnosis [4] [6] [7] . The triple-negative phenotype is unresponsive to endocrine therapy, and until recently, there have been no targeted therapies approved by the FDA, making chemotherapy the only treatment option.
The therapeutic goal at this advanced stage of disease is palliative: to prolong survival and improve quality of life. The National Comprehensive Cancer Network (NCCN) guidelines for breast cancer have no age limit recommendation for chemotherapy but state that there are limited data to make chemotherapy recommendations for patients older than 70 years and that treatment should be individualized with consideration of comorbid conditions [8] . There are limited data among patients older than 70 years as chemotherapy clinical trials usually include younger and healthier cancer patients, and fewer than 4% of clinical trial participants are older than 70 [9] [10] . Age has been shown to be a barrier to receiving chemotherapy due to physician and patient concerns about treatment toxicity [11] [12] [13] . Elderly patients have poorer outcomes compared to younger patients, and this may be related to "under-treatment" in the elderly population [2] [14] .
Few population-based studies of treatment patterns and survival outcomes among metastatic TNBC patients exist. It is important to understand whether the benefits of chemotherapy are maintained in elderly mTNBC patients in the real-world setting. The objective of this study was to assess chemotherapy treatment patterns and outcomes to better understand the age-related differences among TNBC patients and the unmet need in a real-world setting.
Materials and Methods

Data Source
The linked Surveillance, Epidemiology, and End Results (SEER)-Medicare database combines cancer registry data with administrative Medicare files from the Centers for Medicare and Medicaid Services. It contains more than 3.3 million persons with cancer. SEER is a nationally representative collection of population-based cancer registries from diverse geographic areas covering approximately 26% of the United States population. The majority of persons aged 65 years and older in SEER are successfully matched to their Medicare enrollment files [15] . Details of the SEER-Medicare database have been published previously [15] . Briefly, the database combines clinical, demographic, cancer diagnosis, survival, and cause of death information with medical claims (hospital, physician, outpatient, home health, and hospice bills) for adults 65 years and older 
Study Population
Patients with a first primary breast cancer were identified using the SEER variables indicating the cancer site and order of incident cancer diagnoses. Data on ER and PR status have been collected since 1990 and HER2 since 2010 in SEER.
HER2 status was not available before the year 2010, so the presence of Medicare claims for HER2 targeted therapies, i.e., trastuzumab (Herceptin®, Roche) and lapatinib (Tykerb®, Glaxo Smith Kline) were used as a proxy for HER2 positive status, and absence of these claims was assumed to indicate HER2 negative status. A case was defined as triple-negative if ER, PR, and HER2 were negative. [18] . The National Cancer Institute (NCI) comorbidity index [19] , the gold-standard in SEER-Medicare, was used to assess comorbidity burden using diagnosis and procedure codes in the Medicare claims files to identify the 15 non-cancer comorbidities from the Charlson Comorbidity Index [20] that occurred in the 12 months prior to metastatic diagnosis date.
In the Medicare claims files, ICD-9-CM procedure codes were used to identify chemotherapy administration while the Healthcare Common Procedural Coding System (HCPCS) "J" codes were used to identify the specific intravenous chemotherapy administered [21] . The first claim for chemotherapy was required to appear within six months of metastatic diagnosis date for a patient to be considered in the "treated" cohort. Patients with a history of breast cancer surgery (lumpectomy and mastectomy) and radiation therapy, were identified by searching Medicare claims for ICD-9 procedure codes and Current Procedural Terminology (CPT) procedure codes from initial diagnosis date of first primary breast cancer through the end of follow-up. to date of death; if still alive, patients were censored at the end of the follow-up period (December 31, 2013) or until Medicare claims were no longer available. Unadjusted overall survival was assessed using Kaplan-Meier survival analysis. A time-varying Cox proportional hazards regression model with chemotherapy treatment as a time-dependent factor was used to account for variation in treatment initiation between patients and to minimize the introduction of immortal time bias into the analysis (period of follow-up time during which death cannot occur) [22] . In the time-varying Cox model, all patients belong to the "not treated" group and only switched to the "treated" group at the time of treatment receipt. This Cox model is used to explore predictors of overall risk of death adjusting for potential confounding variables which were selected based on a priori beliefs that these factors are associated with receipt of treatment. The fully adjusted model included age, race, marital status, education, income, geographic region, initial stage at diagnosis, year of diagnosis, poor performance, comorbidity score, radiotherapy, surgery, and chemotherapy. In these survival analyses, comparisons were made between the chemotherapy treated versus not treated patients, stratified by age < 70 years and ≥70 years. All statistical analyses were performed using SAS software, version 9.1.3 (SAS Institute Inc., Cary, North Carolina).
Statistical Analysis
Results
Patient Characteristics
The demographic and clinical characteristics of the cohort are presented in Ta-Journal of Cancer Therapy ble 1. The mean age at metastatic diagnosis was 77.6 years. The majority of metastatic patients were in the older cohort of ≥70 year olds (86%) compared to the younger cohort of <70 year olds (14%). Patients in the older cohort were more likely to be white (78% vs. 71%) while the younger cohort had a higher proportion of patients of African ancestry (25% vs. 16%). Patients in the older cohort were also more likely to be widowed (46% vs. 25%), have a higher education level, and higher income level compared to their younger counterparts. In regards to clinical characteristics, patients in the younger cohort were more likely to be diagnosed with de novo Stage IV disease (42% vs. 28%) while the older cohort contained more patients who experienced distant metastasis following an initial diagnosis of Stage I -III breast cancer (72% vs. 58%). Compared to the younger cohort, the patients in the older cohort had poorer performance and a higher comorbidity burden.
Treatment Patterns
There was no difference in radiotherapy treatment rates between age cohorts, however patients in the older cohort were more likely to have a history of breast cancer surgery compared to the younger cohort. Overall, about 48% of TNBC patients received treatment with chemotherapy within 6 months after metastatic diagnosis, and the proportion treated was higher in the younger cohort compared to the older cohort (66% vs. 45%). Cyclophosphamide (29%), paclitaxel (23%), docetaxel (23%), doxorubicin (20%) carboplatin (11%) and capecitabine (10%) -based regimens were the most common first-line chemotherapies administered in the metastatic setting (Table 2) . Patients in the older cohort were more likely to receive capecitabine-based therapy; all other treatment regimens were more common in the younger cohort of patients.
Survival
The median unadjusted OS was 8.8 months (95% CI: 8.0 -9.8) for all metastatic TNBC patients ( Figure 2 ). Patients who received treatment with chemotherapy had a higher unadjusted median OS (12.8 months, 95% CI: 11.5 -13.9) compared to untreated patients (4.9 months, 95% CI: 4.2 -5.8). When stratifying by age, the survival advantage was more pronounced among treated patients in the younger cohort (17.7 months, 95% CI: 13.4 -24.8 vs.) compared to treated patients within the older cohort (11.7 months, 95% CI: 10.5 -13.4 vs. 5.0 months, 95% CI: 4.2 -5.9). The time-varying Cox model (Table 3) showed no statistically significant mortality risk difference for untreated vs. treated patients in the overall cohort of metastatic patients (HR = 1.095; 95% CI = 1.00 -1.20). However, when stratifying by age group, a 46% increased risk of death for untreated patients in the <70 year old cohort and a 17% increased risk of death for untreated patients in the ≥70 year olds (vs. chemotherapy treated patients) were observed. Other factors in the model found to be predictive of increased mortality risk included: increasing initial stage at diagnosis, increasing comorbidity score, and presence of Note: Patients may receive more than one metastatic 1L chemotherapy so percentages will add to more than 100%; **Cells with counts of less than 11 are suppressed in compliance with the National Cancer Institute data use agreement for small cell sizes. Journal of Cancer Therapy 
De Novo vs. Non-De Novo Metastatic Treated Subgroup Analysis
A subgroup analysis of the chemotherapy-treated cohort was performed to compare treatment patterns and outcomes between de novo patients (N = 415) and non-de novo patients (N = 844) who experienced distant metastasis or relapsed disease following an initial diagnosis with Stage I -III disease. Treatment for early breast cancer was defined as having received chemotherapy within 6 months after initial Stage I -III diagnosis. Patients with non-de novo metastatic disease were stratified into two groups: those who relapsed or progressed ≤ 12 months after completing treatment for early breast cancer (fast relapse; N = 250) and those who relapsed or progressed > 12 months after completing treatment for early breast cancer (slow relapse; N = 594). We found that patients who relapse slow were older and more likely to be initially diagnosed with Stage I disease compared to patients who relapse fast (Table 4) . Overall, non de-novo metastatic patients were more likely to have prior radiotherapy and breast cancer 
Discussion
This large population-based study showed that elderly patients with metastatic TNBC were frequently untreated with over half not receiving chemotherapy.
The study also demonstrated that patients who were 70 years and older were more likely to suffer from pre-existing comorbidities and had poorer performance compared to patients younger than 70 years old. These findings are consistent with other studies that have shown older age and co-morbidities are associated with less aggressive treatment [23] [24]. After adjusting for comorbidity burden, poor performance and other patient characteristics in the multivariate survival models, a 46% increased mortality risk for untreated patients compared to chemotherapy treated patients in the younger cohort of less than 70 year olds was seen. The benefit of chemotherapy persisted in the older cohort but was not as prominent as that seen in the younger cohort. Data from clinical trials suggest that older and younger women may experience similar survival benefits from chemotherapy, and age alone should not contraindicate the use of chemotherapy in older women who are in good health [25] .
Chemotherapy has been the mainstay of systemic treatment for TNBC but there is no gold-standard regimen. Studies suggest that taxanes in particular have significant activity in the treatment of TNBC [26] [27] [28] . This study showed that taxane-based chemotherapy regimens, as well as cyclophosphamide-and anthracycline-based regimens were most commonly used in this time period. Further, patients in the younger cohort were more likely to receive chemotherapy across most regimen types with the exception of capecitabine, the use of which was more prevalent in the older cohort. One prior study showed that 35% of patients older than 65 years were offered chemotherapy and they were twice as likely as younger patients to reject chemotherapy out of fear for side effects [29] . Moving forward, it will be important to design clinical trials to address the therapeutic challenges that exist in this cohort of patients. While endocrine and HER2-targeted therapy are ineffective in this patient population, the use of immunotherapy has been gaining traction in TNBC, which has been shown to be more immunogenic compared to other breast cancer subtypes [30] . This study also found that a history of radiotherapy and breast cancer surgery were associated with lower mortality risks. Age-related declines in major physiologic functions may impact a patient's ability to tolerate surgery, radiation, and cytotoxic chemotherapy [2] . However, studies that examined the predictors of receiving surgery and radiation found that increasing age was associated with substandard therapy independent of performance status or comorbidities, suggesting that physicians may be under-treating otherwise "healthy" elderly women [2] .
In the subset analysis of treated patients, women with relapsed disease had higher unadjusted OS compared to women with de novo Stage IV disease. One prior study comprised of younger patients (median age 50 -52 years) of all breast cancer subtypes found the opposite effect [34] . However, after restricting their analysis to women with at least a 5-year disease free interval (time from primary non-metastatic diagnosis to first distant metastasis), relapsed patients exhibited a statistically significant longer OS compared to de novo Stage IV patients [34] . In the current study it was found that patients who relapse slow (disease-free interval of >12 months) had superior prognostic outcomes compared to patients who relapse fast (disease-free interval of <12 months). Disease-free interval or time to disease progression appears to be an important prognostic variable among women with relapsed disease [34] .
Strengths & Limitations
Clinical Since the SEER registry did not have information on HER2 status prior to the year 2010, there was a large amount of missing data on HER2 status. Claims for HER2 targeted therapies were utilized as a proxy for HER2 status given that 
Conclusion
In this real-world analysis, roughly half of elderly TNBC patients did not receive chemotherapy following their metastatic diagnosis. Although the survival benefits of chemotherapy were stronger in the younger cohort, the benefits of treatment were maintained among ≥70 year olds who were also less likely to receive 
